Comet and mouse lymphoma assays: Fischer's medium, glutamine, sodium pyruvate, penicillin, streptomycin, phosphate buffer saline and heat-inactivated horse serum (HS) were purchased from Invitrogen (Spain). Hypoxantine, glycine, methotrexate, sodium carbonate anhydrous, tymidine and 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltatrazolium bromide (MTT), methyl methanesulfonate (MMS), and 5-trifluorothymidine (TFT) were obtained from Sigma-Aldrich (Spain).
In addition, only for the comet assay low-melting point agarose, standard agarose, Triton X-100, Tris, HEPES, EDTA and BSA were provided by Sigma. NaCl, NaOH and KCl were purchased from Panreac. Photosensitiser Ro 19-8022 kindly supplied by Hoffmann-La Roche (Switzerland).
Formamidopypiridine DNA-glycosylase (FPG) was kindly provided by Professor Andrew Collins (Department of Nutrition, University of Oslo, Norway).
Preparation and characterization

Conventional poly(anhydride) NPs (GN-NP)
The setup of this formulation was carried out as previously reported with slight modifications (Irache et al., 2005; Ojer et al., 2012 Ojer et al., , 2013 .
Briefly, 600 mg of the copolymer (Gantrez® AN 119) were dissolved in 60 mL acetone and desolvated by the addition of a hydroalcoholic mixture under magnetic stirring at room temperature. The NPs were purified and spray-dried. The recovered powder was stored at room temperature.
Poly(anhydride) NPs coated with mannosamine (GN-MA-NP)
The preparation of these NPs was carried out as previously reported with slight modifications (Arbós et al., 2004; Salman et al., 2009) .
Briefly, 10 mg of mannosamine dissolved in 5 mL of water was incubated in 5 mL of acetone The empiric average doubling time of ML cells in culture was 10-12 h. Cultures were maintained at an average density of 1×10 4 -3×10 5 cells/mL by manual counting and diluting of cells every 2 to 3 days.
Cell cultures lasted for a maximum of two months, when this period was reached a new vial of cells was used.
Cleansing of TK -/-mutants
L5178Y TK +/-heterozygote cells spontaneously mutate at a low but significant rates into homozygous mutants (TK -/-). They were removed before carrying out any of the experiments.
As recommended by Fellows and colleagues (Fellows et al., 2014) , cells were grown in THMG medium (9 g/mL thymidine, 15 g/mL hypoxanthine, 0.3 g/mL methotrexate and 22.5 g/mL glycine) medium for 24 h. This medium contains 9 g/mL thymidine, 15 g/mL hypoxanthine, 0.3 g/mL methotrexate and 22.5 g/mL glycine. Accordingly, TK +/-cells can grow in this medium since they phosphorylate the exogenous thymidine., Nnevertheless, mutant TK -/-cells cannot, thus reducing the "spontaneous" mutant frequency..
After the 24 h incubation, cells were then centrifuged, re-suspended in thymidine-hyponxantineglycine medium (without methotrexate) for one day and finally diluted with normal growth medium.
Stock of cleansed cells was frozen down in 1 mL aliquots at a concentration between 1-3×10 6 cells/mL.
Proliferation assay
ML cells were seeded in tubes at a concentration of 5×10 5 cell/mL in 10 mL and were treated with Cell viability was considered affected when RSG value was below 70%.
This experiment was also performed after treating the cell with different concentrations of the GNPolymer (7.4 -600 µg/mL). This experiment was carried out once.
Alkaline comet assay in combination with FPG enzyme
Genotoxicity of two poly(anhydride) NPs and GN-Polymer were evaluated using the alkaline comet assay in combination with the enzyme FPG in order to detect altered bases in addition to DNA strand breaks (SBs) and alkali-labile sites (ALS). Ninety µL of cell suspension were mixed with 420 µL of 1% low-melting point agarose and 2 drops of 70 µL of the mix were placed onto 1% standard agarose pre-coated slides. On top of each drop, one 2x2 cm cover slide was placed, following by 5 min of solidification on ice. The cover slides were removed and slides were immersed in lysis buffer (2.5 M NaCl, 0.1 M EDTA, 10 mM Tris, pH 10, 1% Triton X-100) and kept overnight at 4 °C. in order to form 2x2 cm gels. Three identical slides were prepared per condition. Following 5 min of solidification on ice, the cover slides were removed and slides were immersed in lysis buffer (2.5 M NaCl, 0.1 M EDTA, 10 mM Tris, pH 10, 1% Triton X-100) and kept overnight at 4 °C. Two of the slides per condition were then washed three times (5 min each) with enzyme reaction buffer (40 mM HEPES, 0.1 M KCl, 0.5 mM EDTA, 0.2 mg/mL BSA, pH 8) while the other one was kept in lysis buffer. After washing, 45 µL/gel of enzyme reaction buffer were added to one of the slides and 45 µL/gel of FPG enzyme were added to the other one; gels were then incubated for 30 min at 37 °C in a humidified chamber. All slides, including the ones remaining in lysis buffer, were then immersed in electrophoresis buffer (1 mM EDTA, 0.3 M NaOH, pH 13) for 40 min at 4 °C for alkaline treatment before performing the electrophoresis at 1.2 V/cm, 300 mA and 4 °C during 20 min. Afterwards, gels were neutralized by washing twice with PBS followed by distilled water for 10 min at 4 ºC each wash. Prior to analysis, gels were stained with 1 µg/mL of 4,6-diamidino-2-phenylindole (DAPI) solution. Comets were examined by fluorescent microscope (Nikon Eclipse 50 i, Japan) using the image analysis system Comet Assay IV (Perceptive instruments, UK). and The software is designed to differentiate comet head from tail, and to measure a variety of parameters, including % of DNA in tail, tail length, % of total fluorescence in head and tail, and tail moment. Tthe percentage of DNA in tail (% tail DNA) was used as DNA damage indicator. A total of randomly selected 100 cells were analysed per slide (50 comets/gel). SBs (plus ALS) were assessed by determining the % tail DNA in lysis buffer slides (i.e. the ones which remained in lysis buffer until alkaline treatment). To calculate the net FPG-sensitive sites, the median % tail DNA in the slide treated with buffer F was subtracted from the % tail DNA in the slide treated with FPG.
Three independent experiments were performed with GN-NP and GN-MA-NP for testing the in vitro genotoxicity. In the case of GN-Polymer, one experiment was carried out. In which "A" is the number of empty wells, and "B" areis the number of empty wells and the number of wells with colonies, and , respectively, whereas "C" is the represents the number of seeded cells per well.
For determining the
In the case of mutant frequency (MF) after each treatment condition the next formula was used:, small and large colonies were discerned; therefore CE for small, large and total colonies was calculated. Thus, MF was calculated by the next formula: MF= (CESelectionMutant / CEViability) MF for small, large and total colonies was discerned.
In all cases the meandia of the was obtained of the 2 plates of each condition was obtained.
Test acceptance criteria
This is a postprint version of: Iglesias, T., Dusinska, M., El Yamani, N., Irache, J. M., Azqueta, A., & López de Cerain, A. (2017).
In vitro evaluation of the genotoxicity of poly(anhydride) nanoparticles designed for oral drug delivery. OECD 490 Guideline (OECD 490, 2015) provides specific recommendations for determining the acceptability of the results;. MF values of the solvent control must range between 50×10 -6 and 170×10 -6 else the study must be rejected and . The reasoning for this is that greater values may lead increased number of mutants in the tested concentrations due of the high mutation rates already present at basal conditions and not due to genotoxicity of the tested compound. Values lower than 50×10 -6 usually indicates poor recovery of small colonies. In addition, CE for solvent controls must be between 65-120% for the assay to be considered valid.
Biological relevance must be also considered in order to define a positive or negative result; a test sample is considered to be mutagenic in the assay if (1) acceptance criteria of the solvent control are met, (2) any of the experimental conditions examined showed a MF higher than the one of the solvent control plus the Global Evaluation Factor (GEF) (i.e. 126 x 10 -6 for the microwell version) and (3) the increase in MF is concentration-related.
. For this purpose a Global Evaluation Factor (GEF) has been defined, being 126 x 10 -6 in the microwell version. Thus, the test sample is considered to be mutagenic in the assay if (1) acceptance criteria of the solvent control are met, (2) any of the experimental conditions examined showed a MF higher than the one of the solvent control plus the GEF and (3) the increase in MF is concentration-related.
Statistical analysis
Comet assay results were presented as mean ± standard deviation (SD) of the median of each concentration including negative and positive controls. The comparisons were performed using the Kruskal-Wallis test. Statistical significance was set at p ≤ 0.05.
In MLA, data are given as mean values with SD of the two plates used per condition.
Graph plots were executed in GraphPad Prism® program (GraphPad Prism®, version 3.0, United States). in HepG2 and Caco-2 after 24 h of treatment at high concentrations (2000 µg/mL) using MTT and lactate deshydrogenase assays.
Results
This is
The majority of in vitro toxicity testing to evaluate the safety of the NPs uses low concentrations of NPs since NPs tent to agglomerate in higher concentrations and this may reduce toxicity.
However, in a previous study, much higher concentrations of both of our NPs (2000 µg/mL) demonstrated no agglomeration up to 24 h in culture medium (Iglesias et al., 2017) . Nevertheless, in preliminary studies 12000 and 12000 µg/mL of GN-NP and GN-MA-NP were cytotoxic for ML cells (RSG < 10%). We, therefore, decided to use 600 µg/mL as our highest concentration; higher concentrations can not be tested in the comet assay (i.e. RSG should be at least to 60%) and, on the other hand, testing higher concentrations is not relevant since such high concentrations would not be suitable for in vivo or clinical studies. Moreover, higher concentrations interfered with the comet assay scoring (data not shown).
Cells were to be thoroughly washed in order to remove the NPs to avoid the interference with counting cells and scoring comets. GN-NP and GN-MA-NP did not affect the viability of ML cells in any of the conditions tested. However, GN-Polymer induced a decrease of about 60% in the viability of ML cell treated with 600 µg /mL. Thus, it seems that the nanoform of GN-polymer protects the cells from the decrease in the viability induced by the GN-polymer itself; it may be due to the fact that the polymer is dissolved and may be more reactive. Viability is crucial to interpret the comet assay outcome since DNA SBs can be a secondary effect of dead cells; at least 60% of viable cells should be present (Dusinska et al., 2012) .
As it has been pointed out before, previous studies have demonstrated the absence of genotoxicity in Caco-2 cells exposed to GN-NP and GN-MA-NP (Iglesias et al., 2017) .
Nevertheless, a very slight increase of the FPG-sensitive sites after 24 h of treatment was observed at very high and non-relevant concentrations (i.e. 1 and 2 mg/mL). Taking into account that ML cells were more sensitive to NPs than Caco-2 cells, the comet assay was repeated in this cell line to ensure the absence of genotoxicity. We explored the in vitro genotoxicity associated with the exposure of GN-NP, GN-MA-NP and GN-polymer using the comet assay in combination with FPG for detection of SBs as well as FPG-sensitive sites. The alkaline comet assay is a widely used method for in vitro and in vivo genotoxicity testing in nanotechnology due to its robustness, versatility and reliability (Azqueta and Dusinska, 2015) . FPG is able to detect both alkylated and oxidised bases, mainly 8-oxo-guanine (a pre-mutagenic lesion). However, taking into account the nature of the NPs, i.e. composition and the fact that they are not internalized, FPG was used to detect oxidized purines. Cowie and colleagues demonstrated a negative genotoxicity effect of poly-lactic-co-glycolic acid poly-ethylene oxide polymeric NPs (PLGA-PEO) and metal NPs in human and mammalian cells of different origin using different times of incubation (30 min -24 h) and the comet assay in an inter-laboratory study (Cowie et al., 2015) . Tullinska et al. (2015) and Kazimirova et al. (2012) showed the same results when testing PLGA-PEO.
Despite the extensive advantages of comet assay, using one technique it is not enough to obtain all the necessary information on the potential genotoxicity. Therefore, a battery of tests that measure different endpoints to consider the potential risk of NPs to human health is required.
Thus, MLA was performed, which uses the TK gene as the mutational target, detecting a broad spectrum of genetic damage, including both point mutations and chromosomal alterations. In addition, gene mutations, including small deletion, were detected by means of the MLA in L5178Y TK +/-cells. The comet assay and the MLA assay measure different endpoints in the downstream of genotoxicity; the comet assay detects reparable lesions while the MLA detects mutations. The combination of the 2 assays gives a reliable idea of the genotoxic potential of the NPs.
In the MLA, two distinct phenotypic classes of mutants are generated. Normal growing mutants (big colonies) indicate a point mutation and slow growing mutants (small colonies) suggest clastogenic activity (Combes et al., 1995) independent experiments (n=3) except for GN-Polymer (n=1). * p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001, significantly different from negative control. 
